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conditions. There is a need to identify and characterise at the genetic level the elements 
involved in cell survival and physiological cell death (apoptosis). 

Apoptosis is accomplished by a process that is conserved between organisms as diverse as 
5 nematodes and man. Positive and negative regulation of cell survival is essential for the proper 
development and differentiation of the embryo and for ensuring homeostasis in adult tissues. 
Cell survival can be promoted by the binding of growth factors to their receptors or by 
interaction of cellular adhesion molecules. A range of cytotoxic agents can counteract these 
signals and activate apoptosis, a process initially defined by specific morphologic criteria, such 
10 as chromatin condensation, cell compaction, membrane blebbing and, often, internucleosomal 
cleavage of DNA. 

The biochemical details of the intracellular pathways governing cell survival and death remain 
largely undefined. However, several key regulators have emerged. The first to be discovered 
15 was Bcl-2, a 26 kD cytoplasmic protein encoded by the bcl-2 gene translocated to the IGH 
locus in human follicular lymphoma. High levels of Bcl-2 greatly enhance the ability of cells 
to survive cytokine deprivation and a wide variety of other cytotoxic conditions, including 
DNA damage. 

20 The mammalian genome contains other genes homologous to bcl-2 but which differ in function. 
For example, bcl-x blocks apoptosis (Boise et al. 1993) whereas box and bak inhibit the survival 
function of bcl-2 and ic/-x (Oltvai fl/ , 1993; Chittenden et al, 1995; Farrow a/., 1995; 
Kiefer et al , 1995). Due to the potential importance of cell apoptosis controlling genes in the 
treatment of cancers and sarcomas and in the treatment of degenerative disorders, there is a 

25 need to identify new genes homologous to bcl-2 in structure and function. 

In accordance with the present invention, the inventors have identified a novel gene from 
mammals designated herein "bcl-w". Gene transfer studies show that bcl-w enhances cell 
survival and belongs to the bcl-2 family of apoptosis-controlling genes. The identification of 
30 thb new gene will lead to the generation of a range of therapeutic molecules capable of acting 
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as either antagonists or agonists of bcl-v expression or activity and will be useful in cancer or 
degenerative disease therapy. The identification of the gene will also permit the products of 
vast quantities of recombinant translation products for use in therapy, diagnosis, ant.body 
generation and as a screen for therapeutic molecules capable of modulating physiological cell 
5 deaths or survival including modulating cell cycle entry. 

Accordingly, the present invention is directed to a nucleic acid molecule comprising a 
nucleotide sequence encoding or commentary to a sequence encoding a novel mammahan 
gene from the bcl-2 family and comprising an amino acid sequence substantially as set forth 
10 in SEQ ID NO.7 or SEQ ID NO:9 or having 47% or greater similarity to either of SEQ ID 
NO:7 or SEQIDNO:9. 

Another aspect of the present invention is directed to a nucleic acid molecule comprising a 
nucleotide sequence encoding or complementary to a sequence encoding the amino acid 
15 sequence set forth in SEQ ID NO:7 or SEQ ID N0.9 or a derivative thereof or encoding an 
amino acid sequent having 47% or greater similarity to either SEQ ID NO:7 or SEQ ID NO:9. 

The term "similarity" as used herein includes exact identity between compared sequences at the 
nucleotide or amino acid level. Where there is non-identity at the nucleotide level, "similarity" 
20 includes differences between sequences which result in different amino acids that are 
nevertheless related to each other at the structural, functional, biochemical and/or 
conformational levels. Where there is non-identity at the amino acid level, "similarity" includes 
amino acids that are nevertheless related to each other at the structural, functional, biochemical 
and/or conformational levels. 



25 



Preferably, the percentage similarity is between 48% and 100% inclusive such as approximately 
50% or 55%, 59% or 65%, 70% or 75%, 80% or 85%, 90% or 95% or greater than 96% or a 
percentage similarity therebetween. 

30 Another aspect of the present invention provides a nucleic acid molecule comprising a sequence 
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r u • ccn rn NfV6 or SEQ ID NO. 8 or a nucleotide 
of nucleotides substantially as set forth in SEQ ID N0.6 

c .„,„nrp havinc 47% or greater similarity to SEQ ID nu. / 
sequence encoding an amino acid sequence having « b 

or SEQ ID NO:9. 

5 The nuCeic acid mo,ecu,e acceding to this aspect of the present invention corresponds herein 

Bd . w b defmed in SEQ m NO:, Tire respeenve nuCeoude sequences from human - 
,0 mouse are shown in SEQ ID NO:6 and SEQ n> NO:S revive*. Refcrenee nerem to 
tnCudes reference ,o derivatives thereof mCudes sing,e or mu,,,pfc ru- 
ctions, de,etions and/or additions. Simi.ar,,, reference here, to 
derivatives including amino acid substitutions, de,etions and/or add-on,. The gen 

, 5 L amma, (eg. mouse, * rabbit, guinea pig), companion anima, (eg. dog, cat) or capuve w.,d 
animal (eg. fox, kangaroo, deer). 

A^ough me present invenUon reiates « a mamma,ian homo,ogoe of Bci-w having an amino 
acid „ of 47% or greater simitarity to SEQ U> NO:7 or SEQ >D NO., me sub.ee 
2 0 invention does extend to nove, Bc.-w homoiogues from any animai induding a mamma, 
previously undisclosed. 

According,,, another aspect o, the present invention provides a nucieic acid mo.ecu.e 
comprising a sequence of nuclides encoding human BCw or a dcivauv e ^ereof sa,d 
25 human BCw having an amino acid sequence substantia,!, as setforth in SEQ ID NO:7 or ,s 
a mamma.ian homobgue thereof having an amino acid sequence of substantia,,, 47/. or 
greater similarity to the amino acid sequence set form in SEQ ID NO:7. 

A farmer aspect provides a nuCeic acid molecu.e comprising a seouence of nuCeotides 
30 encoding human Bcl-w or a derivative thereof, said murine Bcl-w having an amino ac,d 
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sequence substantial* as set for* in SEQ n> NO:9 or is , mammalian 

having an amino acid sequence of substantially 47% or greater similarity to .he am.no ac,d 

sequence set forth in SEQ ID N0:9. 

5 The nucleic acid molecule of .he presen, invention is preferably in iso.a,=d form o, ligated ,o 
a veaor, such as an expression vector. By "Uoiated" is mean, a nucleic acid molecuie havmg 
undergone at leas, one purification step and to is conveniently defined, for example, by a 
composition comprising a, leas, about 10% subject nucieic acid molecule, preferably a. leas. 

abou. 20%, more preferably a. leas, about 30%, still more preferably a. leas. abou. 40-50/., 
,0 even still more preferably a. least abou. 60-70%, ye. even still more preferably 80-90% or 

grea.er of subject nucleic acid molecule relative to other component as de.ermu.ed by 

molecular weight encoding activity, nucleotide sequence, base composition or oti-er conventen. 

means. The nucleic acid molecule of the present invention may also be considered, m a 

preferred embodiment, to be biologically pure. 

1 5 The nucleic acid molecule encoding *«Mr is preferably a sequence of deoxyribonucleic acids 
such as cDNA sequence or a genomic sequence. A genomic sequence may also compnse exons 
and introns. A genomic sequence may also include a promoter region or other regulatory 
region. In a particularly preferred embodiment, the nucleotide sequence corresponding to bd,w 

20 is a cDNA sequence comprising a sequence of nucleotides as set forth in SEQ ID NO.6 
(human) or SEQ ID NO* (mouse) or is a derivative thereof including a nucleotide sequence 
having similar to SEQ ID NO:6 or SEQ ID NO:8 but which encodes an amino acid sequence 
having 47% or greater similarity to either SEQ ID NO.7 or SEQ ID NO.9. 

25 The term "derivative" as used herein includes portions, fragments, parts, homologues or 
analogues of the nucleic acid molecule or a translation product thereof. A derivative may also 
be a single or multiple nucleotide or amino acid substitution, deletion and/or addition. A 
derivative of the nucleic acid molecule of the present invention also includes nucleic acd 
molecules capable of hybridizing to the nucleotide sequence set forth in SEQ ID NO:6 or SEQ 
30 ID NO:8 under low stringency conditions. Preferably, the low stringency is at 42'C. 
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or bomologue .hereof capable of hybnd.zmg .0 SEQ 

5 similarity to the amino acid sequence set forth m SEQ ID 

. -vr includes and encompasses from at least about 1% 
Reference herein to a low stnngency at 42 C mcludes and ? 

i , „h™,t 15% v/v formamide and from at least about 1M to at least aoou 
v/ v to a. .east about 1 5 / Wvf ^ ^ ^ ^ ^ 

for hybrid,sat,on, and at least about 1M ^ 

» — " - - - - - 

formam.de and from . ab u ^ ^ ^ 

0.01M to at least about 0.1 SM salt for washing condmons. 

, • • f the nucleic aci^ 
^ d — Tlllel molecules suitable for use in co-suppression and fusion 

20 nucl.c - — ^ Tb. 
express.onoficZ-w. Thepresentm vention ^ fragments having 

derivatives of the Bcl-w translation product of the present inven 

denvauves m ^ ptideS) polypeptldes or other 

particularep^pesorpartsoftheenUreBcl p ^ ^ Such 

proteins. Catalytic antibodies are also contemplated to Bel w The 

1^. AlternaUvely.mey may be genetically produce «emc cells o, mtroduced 
via a viral or other suitable vector. 
3„ ^anomerembodimentU.epresen— is directed* an isolated mtdeic acid molecule 
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encoding «~ or a derivative .hereof, said nuc.eic acid moiecule seleced from te .is. 
consisting of: 



0) 

5 

(ii) 



10 (iii) 



(iv) 

15 



a nucleic acid molecule comprising a nucleotide sequence encoding the amino actd 
sequence set forth in SEQ ID NO:7 or SEQ ID NO:9 or having 47% or greater 
similarity for SEQ ID NO:7 or SEQ ID NO:9; 

a nucleic acid molecule comprising a nucleotide sequence substantially as set forth m 
SEQ ID NO:6 or SEQ ID NO:8 or comprising a nucleotide sequence encoding an 
amino acid sequence of 47% or greater similarity to SEQ ID NO:7 or SEQ ID NO:9; 
a nucleic acid molecule capable of hybridizing to the nucleotide sequence substantially 
set forth in SEQ ID NO:6 or SEQ ID NO:8 under low stringency conditions and 
encoding an amino acid sequence having of 47% or greater similarity to SEQ ID 
NO:7 or SEQ ID NO:9; 

a nucleic acid molecule capable of hybridizing to the nucleic acid of part (0 or (ii) or 
(iii) under low stringency conditions and encoding an amino acid sequence having 47% 
or greater similarity to SEQ ID NO:7 or SEQ ID NO:9; and 
(v) a derivative or mammalian homologue of the nucleic acid molecule of parts (I) or (ii) 
or (iii) or (iv). 

20 The mammalian homologues contemplated in part (v) of the previous paragraph are novel 
homologues and do not encompass, for example, known Bcl-2. As stated above, novel 
homologues of Bcl-w falling outside of the definition herein described are also contemplated 
by the present invention. 

25 The nucleic acid molecule may be ligated to an expression vector capable of expression in a 
prokaryotic cell (e.g. Zcoli) or a eukaryotic cell (e.g. yeast cells, fungal cells, insect cells, 
mammalian cells or plant cells). The nucleic acid molecule may be ligated or fused or 
otherwise associated with a nucleic acid molecule encoding another entity such as a signal 
peptide, a cytokine or other member of the Bct-2 family. 

30 
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The present invention extends to the expression product of the nucleic acid molecule 
hereinbefore defined. 

The expression product is Bcl-w having an amino acid sequence set forth in SEQ ID NO:7 or 
5 SEQ ID NO:9 or is a derivative thereof as defined above or is a mammalian homologue having 
an amino acid sequence of 47% or greater similarity to the amino acid sequence set forth in 
SEQ ID NO:7 or SEQ ID NO:9. A derivative may be a single or multiple amino acid 
substitution, deletion and/or addition. Other derivatives include chemical analogues of Bcl-w. 
Analogues of Bcl-w contemplated herein include, but are not limited to, modification to side 
10 chains, incorporating of unnatural amino acids and/or their derivatives during peptide, 
polypeptide or protein synthesis and the use of crosslinkers and other methods which impose 
confirmational constraints on the proteinaceous molecule or their analogues. 

Another aspect of the present invention is directed to an isolated polypeptide selected from the 
15 listing consisting of: 

(I) a polypeptide having an amino acid sequence substantially as set forth in SEQ ID 
NO:7 or SEQ ID NO:9 or a sequence having 47% or greater similarity to SEQ ID 
NO:7 or SEQ ID NO:9; 
20 (ii) a polypeptide encoded by a nucleotide sequence substantially as set forth in SEQ ID 
NO:6 or SEQ ID NO: 8 or a sequence encoding an amino acid sequence having 47% 
or greater similarity to SEQ ID NO:7 or SEQ ID NO:9; 

(iii) a polypeptide encoded by a nucleic acid molecule capable of hybridizing to the 
nucleotide sequence set forth in SEQ ID NO:6 or SEQ ID NO: 8 under low stringency 

25 conditions and which encodes an amino acid sequence substantially as set forth in SEQ 

ID NO:7 or SEQ ID NO:9 or an amino acid sequence having 47% or greater 
similarity to SEQ ID NO:7 or SEQ ID NO:9; 

(iv) a polypeptide as defined in part (I) or (ii) or (iii) in homodimeric form; and 

(v) a polypeptide as defined in part (D or (ii) or (iii) in heterodimeric form. 

30 
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A derivative may carry a mutation anywhere in the Bcl-w molecule such as but not limited to 
the S 1 and/or S2 region. For example, a substitution at position 94 in S2 from Gly to G.u - 
encompassed by the present invention. Other areas of Bc.-w for which mutations are 
contemplated include but are not limited to the region immediately N-terminal to S2, the NH1 
5 region, the S3 region, the S2-S3 region and the BH3 region. 

Examples of side chain modifications contemplated by the present invention include 
modifications of amino groups such as by reductive alkylation by reaction with an aldehyde 
followed by reduction with NaBH* amidination with methylacetimidate; acylation with acetic 
10 anhydride; carbamoylation of amino groups with cyanate; trinitrobenzylation of ammo groups 
with 2 4 6-trinitrobenzene sulphonic acid (TNBS); acylation of amino groups with succinic 

anhydride and tetrahydrophthalic anhydride; and pyridoxylation of lysine with pyridoxal-5- 

phosphate followed by reduction with NaBH 4 . 

15 The guanidine group of arginine residues may be modified by the formation of heterocyclic 
condensation products with reagents such as 2,3-butanedione, phenylglyoxal and glyoxal. 

The carboxyl group may be modified by carbodiimide activation via O-acylisourea formation 
followed by subsequent derivitisation, for example, to a corresponding amide. 

20 . J • 

Sulphydryl groups may be modified by methods such as carboxymethylation with .odoacetic 

acid or iodoacetamide; performic acid oxidation to cysteic acid; formation of a mixed 
disulphides with other thiol compounds; reaction with maleimide, maleic anhydride or other 
substituted maleimide; formation of mercurial derivatives using 4-chloromercuribenzoate, 4- 
25 chloromercuriphenylsulphonic acid, phenylmercury chloride, 2-chlor 0 mercuri-4-nitrophenol 
and other mercurials; carbamoylation with cyanate at alkaline pH. 

Tryptophan residues may be modified by, for example, oxidation with N-bromosuccinimide or 
alkylation of the indole ring with 2-hydroxy-5-nitrobenzyl bromide or sulphenyl halides. 
30 Tyrosine residues on the other hand, may be altered by nitration with tetranitromethane to form 
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a 3-nitrotyrosine derivative. 

Modification of the imidazole ring of a histidine residue may be accomplished by .Ikylation 
with iodoacetic acid derivatives or N-carbethoxylation with diethylpyrocarbonate. 

5 Examples of incorporating unnatural amino acids and derivatives during peptide synthesis 
include but are not limited to, use of norleucine, 4-amino butyric acid, 4-amino-3-hydroxy-5- 
phenylpentanoic acid, 6-aminohexanoic acid, t-butylglycine, norvaline, phenylglycme, 
ornithine, sarcosine, 4-amino-3-hydrox y -6-methylhept a noic acid, 2-thienyl alanine and/or D- 

10 isomers of amino acids. A list of unnatural amino acid, contemplated herein is shown m Table 
1. 

Crosslinkers can be used, for example, to stabilise 3D conformations, using homo-b ifunctional 
crosslinkers such as the bifunctional imido esters having (CH 2 ) n spacer groups with n-1 to 
15 n=6, glutaraldehyde, N-hydroxysuccinimide esters and hetero-bifunctional reagents which 
usually contain an amino-reactive moiety such as N-hydroxysuccinimide and another group 
specific-reactive moiety such as maleimido or dithio moiety (SH) or carbodiimide (COOH). 
In addition, peptides can be conformationally constrained by, for example, incorporation of C„ 
and N.-methylamino acids, introduction of double bonds between C. and C, atoms of amino 
20 acids Id the formation of cyclic peptides or analogues by introducing covalent bonds such as 
forming an amide bond between the N and C termini, between two side chains or between a 
side chain and the N or C terminus. 

The identification of bcl-w permits the generation of a range of therapeutic molecules capable 
25 of modulating expression of bcl-w or modulating the activity of Bcl-2. Modulators 
contemplated by the present invention includes agonists and antagonists of bcl-w expression. 
Antagonists of bcl-w expression include antisense molecules, ribozymes and co-suppression 
molecules. Agonists include molecules which increase promoter ability or interfere with 
negative regulatory mechanisms. Agonists of Bcl-w include molecules which overcome any 
30 negative regulatory mechanism. Antagonists of Bcl-w include antibodies and inhibitor peptide 
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TABLE 1 
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Non-conventional 

amino acid 

5 

a-aminobutyric acid 
o-amino-o-methylbutyrate 

aminocyclopropane- 
carboxylate 
10 aminoisobutyric acid 
aminonorborayl- 
carboxylate 
cyclohexylalanine 
cyclopentylalanine 
15 D-alanine 
D-arginine 
D-aspartic acid 
D-cysteine 
D-glutamine 
20 D-glutamic acid 
D-bistidine 
D-isoleucine 
D-leucine 
D-lysine 
25 D-methionine 
D-omithine 
D-phenylalanine 
D-proline 
D-serine 
30 D-threonine 



Code 



Abu 

Mgabu 

Cpro 

Aib 
Norb 



Cpen 

Dal 

Darg 

Dasp 

Dcys 

Dgln 

Dglu 

Dhis 

Dile 

Dleu 

Dlys 

Dmet 

Dorn 

Dphe 

Dpro 

Dser 

Dthr 



Non-conventional 
amino acid 

L-N-methylalanine 
L-N-methylarginine 
L-N-methylasparagine 
L-N-methylaspartic acid 
L-N-methylcysteine 
L-N-methylglutamine 
L-N-methylglutamic acid 
Chexa L-N-methylhistidine 
L-N-methylisolleucine 
L-N-methylleucine 
L-N-methyllysine 
L-N-methylmethionine 
L-N-methylnorleucine 
L-N-methylnorvaline 
L-N-methyloraithine 
L-N-methylphenylalanine 
L-N-methylproline 
L-N-methylserine 
L-N-raethylthreonine 
L-N-methyltryptophan 
L-N-methyltyrosine 
L-N-methylvaline 
L-N-methylethylglycine 
L-N-methyl-t-butylglycine 
L-norleucine 



Code 



Nmala 

Nmarg 

Nmasn 

Nmasp 

Nmcys 

Nmgln 

Nmglu 

Nmhis 

Nmile 

Nmleu 

Nmlys 

Nmmet 

Nmnle 

Nmnva 

Nmorn 

Nmphe 

Nmpro 

Nmser 

Nmthr 

Nmtrp 

Nmtyr 

Nmval 

Nmetg 

Nmtbug 

Nle 
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id. 



D-tryptophan 

D-tyrosine 

D-valine 

D-a-methylalanine 
5 D-B-methylarginine 
D-a-methylasparagine 
D-o-methylaspartate 
D-ct-methylcysteine 
D-a-methylglutamine 
10 D-a-methylhistidine 
D-o-methylisoleucine 
D-a-methylleucine 
D-a-methyllysine 
D-a-methylmethionine 
15 D-o-methylornithine 
D-o-methylphenylalanine 
D-a-methylproline 
D-a-methylserine 
D-o-methylthreonine 
20 D-ct-methyltryptophan 
D-a-methyltyrosine 
D-a-methylvaline 
D-N-methylalanine 
D-N-methylarginine 
25 D-N-methylasparagine 
D-N-methylaspartate 
D-N-methylcysteine 
D-N-methylglutamine 
D-N-methylglutamate 
30 D-N-methylhistidine 



Dtrp L-norvaline 

Dtyr a-methyl-aminoisobutyrate 

Dval a-methyl-Y-aminobutyrate 

Dmala a-methylcyclohexylalanine 

Dmarg a-methylcylcopentyl alanine 

Dmasn a -methyl-o-napthylalanine 

Dmasp a-methylpenicillamine 

Dmcys N-(4-aminobutyl)glycine 

Dmgln N-(2-aminoethyl)glycine 

Dmhis N-(3-aminopropyl)glycine 

Dmile N-amino-a-methylbutyrate 

Dmleu o-napthylalanine 

Dmlys N-benzylglycine 

Dmmet N-(2-carbamylethyl)glycine 

Dmorn N-(carbamylmethyl)glycine 

Dmphe N-(2-carboxyethyl)glycine 

Dmpro N-(carboxymethyl)glycine 

Dmser N-cyclobutylglycine 

Dmthr N-cycloheptylglycine 

Dmtrp N-cyclohexylglycine 

Dmty N-cyclodecylglycine 

Dmval N-cylcododecylglycine 

Dnmala N-cyclooctylglycine 

Dnmarg N-cyclopropylglycine 

Dnmasn N-cycloundecylglycine 

Dnmasp N-(2,2-diphenylethyl)glycine 

Dmncys N-(3,3-diphenylpropyl)glycine 

Dnmgln N-(3-guanidinopropyl)glycbe 

Dnmglu N^14iyd««yelhyl)tfyciiie 

Dnmhis N-(hydroxyethyl))glycine 



Nva 

Maib 

Mgabu 

Mchexa 

Mcpen 

Manap 

Mpen 

Nglu 

Naeg 

Nora 

Nmaabu 

Anap 

Nphe 

Ngln 

Nasn 

Nglu 

Nasp 

Ncbut 

Nchep 

Nchex 

Ncdec 

Ncdod 

Ncoct 

Ncpro 

Ncund 

Nbhm 

Nbhe 

Narg 

Nthr 

Nser 



# 
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D-N-methylisoleucine Dnmile 

D-N-methylleucine Dnmleu 

D-N-methyllysine Dnmlys 

N-methylcyclohexylalanine Nmchexa 

5 D-N-methylornithine Dnmorn 

N-methylglycine Nala 

N-methylaminoisobutyrate Nmaib 

N-( 1 -methylpropyl)glycine Nile 

N-(2-methylpropyl)glycine Nleu 

10 D-N-methyltryptophan Dnmtrp 

D-N-methyltyrosine Dnmtyr 

D-N-methylvaline Dnmval 

y-aminobutyric acid Gabu 

L-/-butylglycine Tbu 8 

15 L-ethylglycine Et 8 

L-homophenylalanine Hphe 

L-o-methylarginine Marg 

L-a-methylaspartate Masp 

L-a-methylcysteine Mcys 

20 L-a-methylglutamine Mgln 

L-tt-methylhistidine Mbis 

L-a-methylisoleucine Mile 

L-a-methylleucine Mleu 

L-a-methylmethionine Mmet 

25 L-a-methylnorvaline Mnva 



L-a-methylphenylalanine Mphe 
L-o-methylserine Mser 
L-a-methyltryptophan Mtrp 
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N-(imidazolylethyl))glycine 


Nhis 


N-(3-indolylyethyl)glycine 


Nhtrp 


N-methyl-y-aminobutyrate 


Nmgabu 


D-N-methylinethionine 


Dnmmet 


N-methylcyclopentylalanine 


Nmcpen 


D-N-methylphenylalanine 


Dnmphe 


D-N-methylproline 


Dnmpro 


D-N-methylserine 


Dnmser 


D-N-methylthreonine 


Dnmthr 


N-(l-methylethyl)glycine 


Nval 


N-methyia-napthylalanine 


Nmanap 


N-methylpenicillamine 


Nmpen 


N-(p-hydroxyphenyl)glycine 


Nhtyr 


N-(thiomethyl)glycine 


Ncys 


penicillamine 


Pen 


L-a-methylalanine 


Mala 


L-o-methylasparagine 


Masn 


L-a-methyl-/-butylglycine 


Mtbug 


L-methylethylglycine 


Metg 


L-a-methylglutamate 


Mglu 


L-o-methylhomophenylalanine 


Mhphe 


N-(2-methylthioethyl)glycine 


Nmet 


L-a-methyllysine 


Mlys 


L-a-methylnorleucine 


Mnle 


L-a-methylornithine 


Morn 


L-a-methylproline 


Mpro 


L-a-methylthreonine 


Mthr 


L-a-methyltyrosine 


Mtyr 
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L-a-methylvaline Mval 
N-(N-(2,2-diphenylethyl) Nnbhm 
carbamylmethyl)glycine 
l-carboxy-l-(2,2-diphenyl- Nmbc 
5 ethylamino)cyclopropane 



L-N-methylhomophenylalanine 

N-(N-(3,3-diphenylpropyl) 

carbamylmethyOglycine 



Nmhphe 
Nnbhe 



The Bd-w of the present form may be in multimeric form meaning that two or more 
molecules are associated together. Where the same Bd-w molecules are associated together, 
10 the complex is a homomultimer. An example of a homomultimer is a homodimer. Whereat 
least one Bcl-w is associated with at least one non-Bcl-w molecule, then the complex u a 
heteromultimer such as a heterodimer. A heteromultimer may include a molecule another 
member of the Bcl-2 family or a molecule capable of promoting cell survival. 

15 The present invention contemplates, therefore, a method for modulating expression of bcl-w 
in a mammal, said method comprising contacting the bcl-w gene with an effective amount of 
a modulator of bcl-w expression for a time and under conditions sufficient to up-regulate or 
down-regulate or otherwise modulate expression of bcl-w. For example, a nucleic acid 
molecule encoding Bcl-w or a derivative thereof may be introduced into a cell to enhance the 

20 ability of that cell to survive, conversely, bcl-w antisense sequences such as oligonucleofdes 
may be introduced to decrease the survival capacity of any cell expressing the endogenous bcl- 
w gene. 

Another aspect of the present invention contemplates a method of modulating activity of Bel- 
25 w in a mammal, said method comprising administering to said mammal a modulating effective 
amount of a molecule for a time and under conditions sufficient to increase or decrease Bcl-w 
activity. The molecule may be a proteinaceous molecule or a chemical entity and may also 
be a derivative of Bcl-w or its receptor. 

30 Increased bcl-w expression or Bcl-w activity may be influential in regulating inhibition or 
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prevention of cell degeneracy such as under cytotoxic conditions during, for example, Y - 
u-radiation and chemotherapy. Decreased bcl-w expression or Bc.-w activity -ay be 
important, for example, in selective cancer therapy and increased bcl-w expression may be 
important for treatment or prophylaxis of conditions such as stroke and Alzheimer's d.sease. 

5 Accordingly the present invention contemplates a pharmaceutical composition comprising a 
modulator of bcl-w expression or Bcl-w activity and one or more pharmaceutical^ acceptable 
carriers and/or diluents. 

10 The pharmaceutical forms suitable for injectable use include sterile aqueous solutions (where 
water soluble) or dispersions and sterile powders for the extemporaneous preparation of stenle 
injectable solutions or dispersion. In all cases the form must be sterile and must be fluid to 
the extent that easy syringability exists. It must be stable under the conditions of manufacture 
and storage and must be preserved against the contaminating action of microorganisms such 
15 as bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for 
example, water, ethanol, polyol (for example, glycerol, propylene glycol and liquid 
polyethylene glycol, and the like), suitable mixtures thereof, and vegetable oils. The proper 
fluidity can be maintained, for example, by the use of a coating such as licithin, by the 
maintenance of the required particle size in the case of dispersion and by the use of 
20 superfactants. The preventions of the action of microorganisms can be brought about by 
various antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, 
sorbic acid, thirmerosal and the like. In many cases, it will be preferable to include isotonic 
agents, for example, sugars or sodium chloride. Prolonged absorption of the injectable 
compositions can be brought about by the use in the compositions of agents delaying 
25 absorption, for example, aluminum monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating the active compounds in the required 
amount in the appropriate solvent with various of the other ingredients enumerated above, as 
required, followed by filtered sterilization. Generally, dispersions are prepared by 
30 incorporating the various sterilized active ingredient into a sterile vehicle which contains the 
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to ,c dispersion m =d ium and the reared other ingredients *» — " 
the casJof steri.e powders for the preparation of steri.e miectab.e ~, 
m e,hods of preparation a, vacuum and the freezing — 

po wder of ,he active ingredient p.us any additiona, desired urgredten. from prevtous.y 
5 sterile-filtered solution thereof. 

When bcl-w and Bc,-wmodu,ators » —* My * "fT £ 

^p.e with an inert diiuen, or wi* an assimilab.e edib.e carrier, or i, may be 
Z or \on she,. •<•* or it may be compressed into tab.e*. or 

,0 incorpora.eddirecuywi^efoodofU.edie,. For ora, therapeutic — 
J^L* may be incorpora,ed with clients and used in the form of nrges.** 
hud tab.ets. troches, ca^es, e.i^, suspensions, syntps, wafers, and the^ 
condition, and 

perclage „, the oompositions and preparations may, of course, be vaned and ma, 
„ LnvJdybeberweenabou.S.oabou.S^of.heweigb.of.beuni, ^-un.ofac 

obled. Preferred compositions or preparauons according to the present utven, on are 
compound. 

20 The tab.ers. troches, pins, capsu.es and the .ike may also con* the fo.lowing. A binder such 
as gum tragaeanth, acacia, cornstarch or ge.a,in; events such as dicaicium phosphate; 

M ch as magnesium steara.e; and a sweetening agent such a sucrose, iacu.se or sacchann may 
25 be added or a flavouring agent such as peppermint, oi. of wintergreen, or cherry flavounng. 
Whenthe dosageunit form is a eapsu.e. it may con*, in addition to materia,* of the above 
„pe a liquid carrier. Various other materia., ma, be present as coatings or to otherw.se 
lify the physica. form of the dosage unit. For instance, tab,e«, pills, or capsu.es may be 
eo.ted with sheUac, sugar or bo*. A syrup or e.bdr may contain the acuve compound^ 
30 sucrce as a sweetening agent, memy. and propy.par.bens as preservatives, a dye and 
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employed. In addition, the active compound may be mcorpor 
preparations and formulations. 
5 • „ stable carriers and/or diluents include any and all solvents, di.per.ion 

— n - — - — — r s 

known in the art. bxcept rnsouu — j cnnlf-mentarv 
u p ;„ a. theraneutic compositions is contemplated. Supplementary 
10 active ingredient, use thereof in the therapeutic comp 

active ingredients can also be incorporated into the compositions. 

of administration and uniformity of dosage. Dosage unit form as used herem ^ 
15 D hvsic*l.ydiscre,eunits suited as unitary dosages for the mammalian subjects to be treat* 

desired therapeutic effect in association with tite reused pha— ™ 
specification for tite novel dosage unit forms of the invention are diOated by and directiy 

2 0 erL«,beacUeved,and(b,me U mi»tionsinheren,inti,ear,ofc.mpo„ 

n ,erial for tite treatment of disease in Hying subjeo* having a dtseased condition 
bodily health is impaired as herein disclosed in detail. 

25 effective — with a suitable pharmaceutic* acceptable carrier in dosage urn, onn as 
hereinbefore disclosed. A unit dosage form can, for example, contain the ' >nnC1 ^^^* 

activ! compound is generally present in from about 0, ug to about 2000 mg/m of earner. 
1 case of compositions Anting supplementary active ingredients, the dosages ar 
30 determined by reference to the usual dose and manner of admtnistiauon of tite 
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ingredients. 



The pbarmaceutical composition may also comprise genetic » - K sue - . ~~ 

, of moduli «~ -p— « »*~ •**■ The vecrar may> f ° r examP ' ' 



vector. 



Conditions rearing modulation of physiological «* <«** -™" 
celfcinpauentswimneurodegene^ 
10 disease, hypoxia, ischaemia, HIV infection or for prolonging the survtva, o ~ 
^planted for,— of disease. Alternatively, to antisense 

example, to reduce to survival capacity of tumour cells or au^reacve ^phocy,- The 

7a plco. - deve,o P novel lines from cel, types having unidentified grovrfh f^tor 
15 reacts; for facing isolation of hybridotna cells producing monoclonal 

. described * and for enhancing surviv, of ceUs from primary explants whtle toy are 
being genetically modified. 

S,iU another aspect of to present invention is directed to antibodies to BCw and its 
20 derivatives including cataiytic antibodies. Such antibodies may be monoclonal or po ydona 
and may be selecKd from naturally occurring antibodies to Bc,- W or may be specially ra.se* 
.oBcl-wordenvanvesmereof. InthecaseoftolaBer.Bd-wor to derivatives may firs. need 
„ be associated with a carrier moiecuie. The antibodies and/or recombinant Bcl-w or ,«s 
derivatives of to present invention are particularly useful as therapeutic or diagnostic agenK. 
25 Al^matively.fr.gmemsofantibodiesmaybeusedsuchasFabfragmenK Furtormore, to 
present invention extends to recombinant and synthetic antibodies and to antibody hybnd, 
A .'synthetic antibody" is considered herein to include fragments and hybrids of ant.bod.es. 
The antibodies of mis aspect of to present invention are particularly useful for 
immunotherapy and ma, also be useu as a diagnostic tool for assessing apoptosts or 
30 monitoring the program of a therapeutic regima. 
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For example, Bcl-w and its derivatives can be used to screen for naturally occurring antibodies 
isCtv These may occur, for example in some autoimmune dtseases. 

example, sandwich assays, EL1SA and How optometry. 

„f this invention to include any second antibodies (monoclonal, 
10 It is vvithtn the scope of *. mvent 

po,yclonal or fragment of an.,bod.es) dtrected to *e fir^ 

^ ^^^^^^"T^J^ Anan.ibodyas 
may be used with a commercially available an— globuhn anttb ay 
contemplated herern includes any antibody specific ,o any regton „,Bcl-w. 

:td b <L mid are utilise m vir.a.1, any W e of —ay, they are 
g enera,.ylessfavoure,beoauseofu,epo,e„.i».he K rogenei«yof*eproduc, 

25 ^euseofmonoclonaianubod.es in an— assay is particular,, 

llity to produce them in large quantities and the homogeneity of the product The 

ZZ cel, I and lymphocytes sensitized against the immunogenic 
21 b, techniques which are weU known to those who are sHUed ,. the art. ^for 
30 eli Ooui, lard and Hoffman, Basic F ac* about Hybridomas. m « 
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European Journal oj Immunology 6: 511-519, 1976). 

Another aspect of the present tavern contemplates ■ —* *>< * * 

1 1 anubody for Bcl-w or 1. derivatives or homologues for a tune « 

^Uions sullen, for an antibody-Bcl-w complex form, and then detecting sa,d complex 

,0 EL1SA or flow cyu,me,ry procedures. A wide range of u_say « 
These, of course, includes both single-si. and two-site or "sandwich- assays of ore ~ 
include direct binding of a labelled antibody to a target. 

' 5 Sandwich assays are among the tnos, useful and commonly used assays and are favouredfor 
use in the present invention. A number of variations of the sandwich assay techntque «* 
and aU are intended to be encompassed by the present invention. Briefly, in . tvmca. 
assay an unlabelled antibody is immobilized on a solid substrate and the sample to be *sted 

2 0 brought into contact with the bound molecule. After a suitable period of incubation, for a 
period of time sufficient to allow formation of an antibody-antigen complex, a second 

oetecttble signal is then added and incubated, allowing time sufficient for the formation* 
another complex of antibody-antigen-labOed antibody. Any unreacted matena. . washed 
25 away and the presence of the antigen is determined by observation of a signal produced, 
the reporter molecule. The results may either be qualitative, by simple observation of the 
visible signal, or ma, be quantised by comparing with a control sample containing known 
amounts of hapten. Variations on the forward assay include . simultaneous assay, » whtch 
both sample and labelled antibody are added simultaneously to the bound antibody. These 
30 techniques are well known to those skilled in the «. including any minor variations as w,ll 
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be readily apparent. In accordance with .he present invention «he sample is one which might 
contain Bci-w including ceU extract, tissue biopsy or possibly serum, saliva, mucosal 
secretions, lymph, tissue fluid and respiratory fluid. The sample is, therefore, generally a 
biological sample comprising bio.ogica. fluid but also extends to fermentation flu.d and 
5 supernatant fluid such as from a cell culture. 

In the typical forward sandwich assay, a firs, antibody having specif.city for the Bcl-w or 
antigenic parts thereof, is either covalently or passively bound io a solid surface. The sol.d 
surface is typically glass or , polymer, the most commonly used polymers being cellulose, 
,0 polyacrylamide, nylon, polygene, polyvinyl chloride or polypropylene. The solid supports 
may be in me form of tubes, beads, discs of microplates, or any outer surface suitable for 
conducing an immunoassay. The binding processes are well-known in the art and general y 
consist of cross-linking covafcntly binding or physically adsorbing, the polymer-anubody 
complex is washed in preparation for the test sample. An aliquot of the sample to be tested 
,5 is men added to me solid phase complex and incubated for a period of time suffice* (e g. 2- 
40 minutes) and under suitable conditions (e g. 25-Q to allow binding of any subtmtt present 
tome antibody. Following the incubatioa period, the antibody subuni. solid phase is washed 
and dried and incubated with a second anubody specific for « portion of me hapten. The 
second antibody is linked to a reporter molecule which is used to indicate the bindtng of the 
20 second antibody to the hapten. 

An alternative method involves immobilizing the target molecules in the biological sample and 
then exposing the immobilized target to specific antibody which may or may not be labelled 
with a reporter molecule. Depending on the amount of target and the strength of the reporter 
25 molecule signal, a bound target may be detectable by direct labelling with the antibody. 
Alternatively, a second labelled antibody, specific to the first antibody is exposed to the target- 
first antibody complex to form a target-first antibody-second antibody tertiary complex. The 
complex is detected by the signal emitted by the reporter molecule. 



30 By "reporter 



molecule" as used in the present specification, is meant a molecule which, by its 
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chemical nature, provides a„ analytical* identifiable signal which the de,ec„o„ o 
antigen-bound antibody. Detection may be either qualitative o, quantitative. The most 
county used reporter modules in this type of assay are either enzymes, fluorophores or 
radionuclide containing mo.ecuies (i.e. radioisotopes) and chemiluminescen, moieoties. 

5 ,n the case of an enzyme immunoassay, an enzyme is conjugated to the second antibody, 
generaU, by means of giutaraldehyde or periodate. As wili be readily recognized, however, 
a wide varies of different conjugation techniques exist, which are readiiy availabie to the 
skilled artisan. Commonly used enzymes include horseradish peroxidase, glucose oxrdase, 

,0 beta-galactosidase and alka.ine phosphatase, amongst others. The substta.es to be used w,th 
*. specific enzymes are general.y chosen for the production, upon hydrolysis by the 
corresponding enzyme, of a deKOable color change. Examples of suitable enzymes include 
alkaline phosphatase and peroxidase. It is also possible to employ fluorogenic substrates 
which yield .fluorescent product tamer man the chromogenic substrates noted above. In all 

,5 cases the enzyme-labelled antibody is added to the fust antibody hapten complex, allowed to 
bind' and men the excess reagent is washed away. A solution containing the appropriate 

with the enzyme linked to the second antibody, giving a qualitative visual signal, winch may 
be tamer quaotitated, usually specttophotometrically. to give an indication of the amount of 
20 hapten which „as present in the sample. 'Reporter molecnle" also ex«nds to use of cel. 
agglutination or inhibition of agglutination such as red blood cells on latex beads, and tire Hke. 

Alternately, fluorescent compounds, such as fluorecein and rhodamine, may be chemically 
coupled to antibodies without altering their binding capacity. When activated by illummatton 
25 with light of a particular wavelength, the fluorochrome-labelled antibody adsorbs the hght 
energy, inducing a state to excitability in the molecule, followed by emission of the hght at 
, characteristic color visually detectable with a light microscope. As in the EIA, the 
fluorescent labelled antibody is allowed to bind to the first antibody-bapten complex. After 
washingofftheunbound reagent, the remaining tertiary complex is then exposed to the hght 
30 of the appropriate wavelengu. the fluorescence observed indicates me presence of the hapten 
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„. — - very we " K,ab,isi : d : ^ 

ffi radioisotope, chemiluminescen, or bio.uminescen, molecules, may also be employed. 

5 The present Uwention also — genetic assays such a, involving PCR analysis to 
detect bcl-w or its derivatives. 

The present invention is further described by reference* the following non-limiting figures 
and examples. 

10 

In the Figures: 

Figure , U a represent shoeing predict amino acid sequences encoded by murine ^ 
J NAs * chimaeric cDNAs correspondmgto transcripts spliced from exon 3 of Ore Wo. 
15 gene to an exon of the adjacent ro* gene. Boxes highlight the regions of highest homoiog, 
Lin the Bcl-2 fan* denoted Sl, S2 and S3 (Cory, ,«>. The — d marts *e 

in both orientations. 

M Figure , is a diagrammatic representation showing the stn.ch.re of the genomic >c,-w locus 
and derivation of the W~ and cDNAs. Overlapping genom.c fragments 

encompassing a 22 kb region were Coned, only one of which («) is shown. Fragment Mo 
/„ subclones of fragment a. Exons are denoted . boxes, with non-coding reg,ons open, the 
2S coding region of me W* gene fifed and ma, of the rox gene (see tex,) stippled. Two types 
of y -end were found for each Cass of mRNA. suggestive of alternative promoters and/or 
spacing ThetoU.5 residues of the 3' untranslated region of k*~ correspond precisely to 
lose in genomic exon 4; the region not ye, sequenced is indicated as a broken hne. 
Restriction mapping suggests Ore V untranslated region of W-w cousins a, least one more 
30 intron. The location of the remainder of the ro* gene is not known. 
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J U„es. PolyadenylatedKNAprepared from fte indicate, macrophage <n*. mye'o, . 
T and B lymphoid lines was fractionated by Cecrophores,, tiansferred to nttroce lu ose filters 
a „d hybridised with a **, cDNA probe. Probes from the coding region and fte 
5 untranslated region gave idenucal results. 

Fi6 ure 4 shows fte expression of Bc.-w protein. (A) Expression of FLAG-Bcl-w within a 
Cone (D3B5) of FDC-P. cells trausfected with the FLAO-W-w PGKpuro expression vecte, 
Transfectants (HUed) and parental cells (open) were stained with anti-FLAG monoclona 
,0 antibody and analysed by How cytometry. 00 — <*» revealing epitope-tagged 
sm ,,val proteins. Lysates of FDCP. cells and FDC-P1 ceUs expressing FLAG-tagged mouse 
Bc.-w (Cone D3B5), human Bd-x.or human BC-2 were passed over an anti-FLAG affintty 
gel (Kodak), eluted with FLAG peptide, fractionated by electrophoresis and then analysed 
^ftanti-FLAGantibody. (Q Immunoblots with polyclonal rabbit anti-BC-w antiserum on 
15 cel. lysa.es fractionated by SDS-polyacrylamide gel electiophoresis. to (B) and (C X ft. 
sained proteins were visuaUsed by enhanced chenutaminescence (Amersbam). WEHM 12.1 
andEL4 1 are T lymphoma lines (Harris ei aL, 1973) and 1774 i, a macrophage hne (Ralph 
e,al., 1975). An additional protein of -1 8 kD was also detected by the antiserum, apparently 
. „ Ti,Amnlerularweiehts of markers (Bio-Rad) are given mkD. 
by fortuitous cross-reaction. The molecular weignu. ui ^ \ 

20 

: Figure 5 is a graphical representation showing Una, Bcl-w inhibits apoptosis induct by 
several but no. all cytetoxic agents. FDC-P1 ce.ls, which require IL-3 for survival and 
proliferation (Dexter e, aL. 1980), were eifter (A, left panel) washed three .imes in med.um 
lacking IL-3 or (A, right panel) irradiated (10 Gy) and then entered in medium lackrng (A, 
25 left panel) or containing IL-3 (A, right panel). B6.2.16BW2 T hybridoma cells (Teh e, a,., 
,989) were eifter cultured in medium containing 1 MM dexamethasone (B, left panel) or 
irradiated (,0Gy) (B, right panel). CHI B lymphoma cells (Lynes el aL, ,978) were eifter 
cultured in fte presence of 0. , ug/ml Jo2 anti-mouse CD95 antibody (Ogasawara el al. , 1993) 
(C left panel) or irradiated (10 Gy) (C, right panel). Cultures were initiated at 2.5 x 10- 
30 cells/ml and viability determined by staining with 0.4% w/v eosin on the indicated days. 
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Fi8 „ r e « is a Aagrammatic representation showing .Ha, maps in .he centra, region of 
m L chromosome H. The segregation pafems of ^ and flankmg gene m »< 
backcross anima, typed for .1, loci are « *■ ,op. Each co um„ repress * 

hapl o W e ,nhe,i,ed from ft. (C57BL/6J X M spre«s) F. paren, shaded boxes repre en, .he 

I.ypeof— etshs.ed.e.oweaoh^, Apartial chromosome H .mkagemap 
JTg me location of ncM, in relation • linked eenes - - «» 

R ecom ination distances betiveen ,oci in Morgans are shown to the ef, of * 

chromosomeandmeposiuonsofloc^ 
,„ tight Keferencesfor^hurnann.apposWor.of^i cited in .his s^y can heoh^edfr^ 

(TOB (Genome D,.a Base), a debase of human linkage information mamumedby 
Wiuiam H. Weich Medicai Library of The Johns Hopkins University (Baltimore, MD). 

Figo „ , is a phcographic representation showing localisation of - human 

,5 chromosomeH.Paruaimeuph.eshowingF.SHwimme^^n.cprobe. (AJN- 

male chr„mosomes stained wift propidium iodide. Hybridisation sites on ' " 

seated by an anow (B) - same metaphase as in (A) stained with DAP! for chromosome 

identification. 

.OP^.Uarepresen^onofacomparisonofsurviva.andan.i— B^-b-famili^ 
Human Bcl-2, BCx. Bci-w, Bax and Bak amino acid sequences were al.gned by -he 
WisconsinPILEUP program. The most coasted portion of me Ced 9 sequence and a short 
conserved segment in Bik are also shown. Gaps made in individua, sequences «. optim.se 
atignmen. are indicate by dots. Residues ide-ticai or very similar (L - M; E - D, K - 
25 V-I) in me survival-promoting proteins Bcl-2, Be.-,, and Bci-w are shown « a black 
background, as are also those identical or ve^ simi.ar in al. me BC-2 tomologues. A grey 
backed indicates residues shared by Bak and Bax but no. present in the surv.va, protons. 
Homology regions S,, S2 and S3 (Cory. .995) and me hydrophobic C-termina, segmeo . are 
boxed, while me BH1. BH2, BH3 and NH. regions defmed by others (Ym * 
30 Subramanian e, al. .995) are overUned. Puled arrowheads indicate conserved res.dues 
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specific to the survival proteins; open 



arrowheads, those specific to anti-survival proteins. An 



unbrok en arrow indicates the posit.on of the splice site common to all the proteins; a broken 
a.ow.theposiuon of the alternative 5' splice that creates the smaUer Bcl-x protem and a wavy 
line a conserved C-terminal motif. 



Figure 9 is a representation 



of the coding region of (A) human and (B) murine bcl-w. 
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Single and triple letter abbreviations for amino 
specification, as defined in Table 2. 



acid residues are used in the subject 



TABLE 2 
AMINO ACID ABBREVIATIONS 



Amino Acid 



Alanine 
10 Arginine. 
Asparagine 
Aspartic acid 
Cysteine 
Glutamine 
15 Glutamic acid 
Glycine 
Histidine 
Isoleucine 
Leucine 
20 Lysine 
Methionine 
Phenylalanine 
Proline 
Serine 
25 Threonine 
Tryptophan 
Tyrosine 
Valine 
Any residue 



Three-letter 
Abbreviation 



Ala 

Arg 

Asn 

Asp 

Cys 

Gin 

Glu 

Gly 

His 

lie 

Leu 

Lys 

Met 

Phe 

Pro 

Ser 

Thr 

Trp 

Tyr 

Val 

Xaa 



One-letter 
Symbol 



A 

R 

N 

D 

C 

Q 

E 

G 

H 

I 

L 

K 

M 

F 

P 

S 

T 

W 

Y 

V 

X 
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SUMMARY OF SEQ ID NOs. 



SEQ ED NO. 



4 

5 



7 
8 
9 



DESCRIPTION 

5' Primer for Mouse bcl-w (together with an Xbal 



2 

3 3' Primer 



site) 

Amino acid sequence for SEQ ID NO:l 

for Mouse bcl-w (together with an EcoRl 



site) 

Amino acid sequence for SEQ D3 NO:3 
N-terminal amino acid sequence of Mouse Bcl-w 



6 Human bcl-w 



Human Bcl-w 
Mouse bcl-w 
Mouse Bcl-w 
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EXAMPLE 1 
PCR CLONING 



n,l -> Rcl x andBax degenerate PCR primers were 
5 Based on the strong homology between Bcl-2.Bc.-x,. ana »ax, K 

. The 5' orimer was 5'GCTCTAG AAC TGG GGI (AU)Ui jaaj; 
ends. The 5 primer w wwGRtTVYVAFF [SEQ ID NO:2], and the 

TTV rSEO ID NO:ll, corresponding to Xba 1 - NWGR(iv)VArr L o v 
10 3^primMWK5'GGAATTCCCAGCCICCrr(OT)n'CTTGGATCCA3' ^ E "" D ^^^ 

d,S mouse brain. The RNA was ethanol precipe, dried, resumed » .0 u, of wa e, 

heated a. 65-C for .0 mm and chilled on ice. It was .hen reverse transcribed » a 20 
heated 3 mM ,„ ^ 

15 reaction containing 50 mM TnsHCl (pH8.3 at <*■), 

Svnthesis System) and 200 U Superscript II™ reverse transcriptase (OBCO), a. 48 C fo 

consisungofSOmMKC, ,0 n MTrisHCl(pH9.0a,2 5 -C),0,%v/vT„,onX-,00 .5 mM 
20 0.2 mM dNTPs, ,0% v* glycerol, 0.05% w/v gelaune, 0, , g of each pnmer an 

^ UTacDNApolymerase. T hismi^rewa S denan 1 reda,94^ror3 min, to su ie C ,e 

by , min a,72-C. Thethermal profile for ft. foUowing 35 cycies was . m.n a, 94 C 2 mm 
a 42-C ,mina.7rc. Finally, the mbcmre was abated a, 72'C for 5 mm. The PCR 
25 produce were fractionated by gei electrophoresis and DNA fragments of th. expecte « 
, 5 , bp) were exacted from the gei, restricted with Eco RI and Xba 1 and subdoned mto 
Eco Rl/Xba I-digested pBluescrip. U SK( + ). The resulting clones were sequenced 
single base (T) reaction using ft. fmoP" Sequencing System (Promega) and the manufacturer's 
protocol. Complex sequence analysis was then performed on a representative clone for each 
30 unique T-track pattern. 
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EXAMPLE 2 

WTERSPECOTC MOUSE BACKCROSS MAPPING 

used to map the Bcl-w locus. D ion were performed essentially as 

electrophoresis, Southern blot transfer and hybridisation wer p 
electropho The probe a 2.6 kb EcoRUNotl fragment of mouse cDNA, 

described (Jenlons e< al, 1982). The prob^ ^ ^ 

10 done to a final stringency of 1.0 x SSCr, u.i/. ,„ nN A Their 

<■ rsTBl /6I DNA and 7.8 kb in M. spreas DNA. 1 neir 
detec.ed in Bamffl digests of C57BL/6J DNA an 

dilution™ followed in backcross mice. The probes and RFLP ft r*. lo 

including surface. associafcd > T «* -»» *"* ^ 

^rilane channel protein alpha-3 (W - been described p— 

, 5 lefl ger - a/.. I** Moore - 1. .«)• ■ *— "« " 

distribution patterns. 

EXAMPLE 3 

20 

FLUORESCENCE IN SITU HYBRIDISATION (FISH) 
cDNA and intron probes were nick-.ransla.ed with bio.in-14-dATP and hybridise. » * « 

analysis 1 both propidium iodide (as —in) and ^iamid^phenyU^ 
(DAP.) (for chromosome idenufrcaUon). Images of meuphase pr.par.uons were captured by 
a CCD camera and computer enhanced. 



30 
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EX AMPLE 4 
EXPRESSION VECTORS 



5 The p,asmid vector used for expression - -lection * «* " ^ °° 

pEFB os vector — the poten, promoter splice) from the hrghly exp-ed 
elongation face, ,. gene and contains a selectable — by Ote PGK 

promoterO—aand Naga* 1*0; Visvader „«./., .992). A FLAG eprtope »g (Hopp 
1 1 , 8 «l tac o r po r a t ed 1 oa i d i den«f,ca. i o 00 f.hep,o t . i np ro duc, The 6c/-w cDNA 

,0 was 'inserted into pEF FLAG-X-PGKpuro, fenced to conflrm .he reading frame and 
10 W . . _„„, mextere/a ; lQ80),B6.2.16BW2(Theela)., 

transfectedbyelectroporauonintoFDC.pl (Dexter eta., ). 

W 8„andCH. (Lynese,,*, .97S)ceU, Wee*™ selected by cu.mre or7da J « 
inmLtcontainin g 2 t^P— and clones subseouently derived from ^dependent 
pools by limiting dilution. 

" TO detect FLAG-tagged proteins by cytopiasmic immunofluorescence, ecus were fixeu for 
5 min in S0% v/v methanol at -20-C and men penalised with 0.3% saporun (S.gma, 
w hich was inciuded in ail subseouen, sluing and washing steps. Ue cells were to 
incubafcd with the primary M2 monodonal antibody (Easunan-Kodak, New Haven, CT) 
20 40 min on ice, then decorated with fluoroscem-isothiocyanate (FrrC>co»iug..ed goat an,,, 
mouse IgG (1-2 ug/ml; Souurem Biotechnology, Birmingham) and analysed by flow 
cytometry using the FACScan (Becton Dickinson). 
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EXAMPLE 5 
Bcl-w ANTIBODY 

5 Rabbi, pdvclona, a„,i-Bc,-„ antics were raised against the N-,ennina, peptide 
Ac-MATPASTPDTRALV-NH2 [ SEQ ID NO:5] (Chiron Mimotopes). KLH-conpgated pept.de 
(,00 « in 0.5 m. of phosphate-buffered saline with an eaua, vo.ume of Freund's adjuvant) was 
injecKd into rabbi* and 3, 7 and >4 weeks .ater the annua,* were boosted with the same 
bu , in Freund, incomplete adjuvant. The rabbit antiscra were sereened by EUSA agatns, the 

10 BSA-conJugated peptide. 

EXAMPLE 6 

IDENTIFICATION OF A NOVEL 6c/-2-RELATED GENE 

known a, the time (M4 bcl-x and te) were used fo, low-stringency amplification of cDNA 
templates derived from mRNA of a mouse macrophage oel! iine and mouse brain (see Example 
,) Fragment of me size (159 bp) expected for known Bd-2 family members were subcloned 
andscreenedby sequencing. As anucipa K d. multiple M-2. W-* audio* clones were identified 
20 bu, both RNA sources also yieldeu clones representing a novel gene. To obtain a full leogti. 
cDNA, the cloned PCR product was used to probe cDNA libraries from adult mouse bram, spleen 
and a myeloid cel. line. Two classes of cDNA were obtained (Figure 1). The fust encoded a 

po.ypeptide singly similar to Bd-2, which we termed Bcl-w The second encoded a much 

larger polypeptide, which was identical to Bcl-w for the firs, 144 residues bu, men diverged 
25 markedly. The poin, of divergence was within me S3 region a. a poin, corresponding «o a sphce 

junction in the and genes. It thus seemed likely that the second class of RNA 

was produced by alternative splicing of bcl-w transcripts. 

To resolve this issue, overlapping genomic clones encompassing 22 kb of me W« locus 
30 (Figure2)wereisolated. The N-terminal portion of the coding region mapped to a 1.3 kb BamHI 
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, , . . Its sequen ce and that of adjacent fragments were determined. 
fragm ent (subclone c). ^ ^ ^ ^ class of cDNAs revealed that the bcl-w gene contained 
Comparison w.th sequences of the first class or The unusually 

atl ea S t4clo S e.yspacedexon S ^thth e codingregionsplitbetwe e nexon3and4. TheunusuaUy 

Z ~ « »> * untranslated region begins in exon 4. Probes corresponding to either the 
5 ol region or the 3' untranslated region of these bcl-w cDNAs hybridised to a 3, b 
5 coding region oi The lareest bcl-w cDNAs are nearly 

polyadenylated RNA of relatively low abundance (Figure 3). The largest 

that long. 

The second class of cDNAs proved to correspond to chimaeric RNAs produced from bcl-w and 

«r„,™ * The genomic and cDNA sequences diverge at the 3' end of exon 3, 
10 an adjacent gene (Figure 2). The genome «u n 7. 

.nd L y portion of the cDNAs derive* fro. a, exon approx 9.2 » downstream » 
A database search revealed strong homotogy between the downstream exon and «a gene of 

alternate splicing 8— " * to,i<M 

rox gene awaits isolation of further genomic clones. 

A prone specific for vox ^ (- Brand e, „, .995) hybridised to abundant m^As 
2 0 of 2 S and 1 .8 k b, presumably the (non-chimaeric, transcripts of the „ gene Stnce 

cDNA probes corresponding to exon 3 of detect only the 3.7 xb RNA *= chrma enc 
LJL transcripts appear to be of.ow abundance. The significance of the 
scripts is undear. and our inability «o express detectab.e .evels of the correspond** protem 
has thus far precluded further analysis. 

25 

EXAMPLE 7 

THE HUMAN AND MOUSE W GENES ARE HIGHLY HOMOLOGOUS 

Human U* cDNAs were isoiateo from a library derived from adul, brain tnRNA. All six 
30 clonesconescondedto^cDNAandnochimaericcDNAswerede^ed. The coding regtons 
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of the human and mouse genes were extremely homologous: *S identical a. the ammo acid 
leV e, and 94-/. a, to nucleotide level. The o„,y amino acid differed were rwo conserve 

: lue ,24,iu S .upst,eam of to S3 region. B y comparison. - —V - 
, mouse »*, coding regions is ,0% a. to amino acid level and S8% a. the nucleoude level, and 
that of bcl-x is 97% and 94%. 

EXAMPLE 8 
THE bcl-w GENE ENHANCES CELL SURVIVAL 

10 to allow tests on its function, the Ac/-. cDNA was inserted into expression vectors and 
erected into three haemopoietic cell lines. FDC-P1, an IL-3 dependent niveloid Une 

r - n H rm a B lymphoma line. To facilitate detection, the 
Rfi 1 16BW2 a T hybndoma line; and CHI, a r> lympnuma 

11 nanr'prorein induded - N-terminal FLAG epitope (Hopp - Sever. 
,5 independent pools and Cones of dntg-resisun, c* to. stained singly w,,h an «>,,- LAG 

snowed to, to FLAO-Bc.-w protein had an apparent molecular we,gh, of 25 H>. M** 
anuses r^sed to an N-terminal peptide of Bcl-w detecteu no. only the FLAG-tagged protern 
but also a protein of -22 kD. presumabiy endogenous Bcl-w, to, was also apparent » lysa.es of 
20 four untransfected ceU lines (Figure 4C). The mobility of to endogenous pro** was 
^distinguishable from to. of Bci-w lacking to FLAG tag transiently expressed to COS cells 

Bcl-w has a hydrophobic region Cose <o its carboxy-.enninus and would therefore be expe«ed 
w be membran=-associa.ed. Confocal microscopy of FDCP1 cells .ransfeced with a **, 
25 expression vector and staineo with to rabbi, polyclonal antibody demonstrated to. Bc.-w was 
tocated in to chiasm and tot its distribution closely resembled tot of Bcl-2. The 
cytop.asmic localisation of Bcl-w was confumed by western blots of nuclear and cytoplasm* 
protein fractions. 

30 To asceruin whether Bcl-w enhanced or antagonised cel. survival, to transfeoteo lines were 
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■ FDC PI cells expressing Bcl-w were notably more 
subjeC ted to various ^J^^^u**^-*^ 
robust than the parental cells. Indeed, then" survrv ^ ^ 

wasco.parableto^^^ 

^ enhanced the survival of the T hybridoma eel s expc^ » *™ ^ 
5 TheseresultsclearlyplaceBcl-wu.thesub-fam.lyofBclZ 

inhibits cell death. 
10 ThatalsoholdsforBcl-w. CHI B lymphoma cells expres s 

control cells when 

inC uba«ed whh anti-CD9 5 antibody Jo2 (F.gur* 5C, .eft pan* 

by „ leas. <wo pamways, only one of which involves acuva«,on of ICE. 

EXAMPLE 9 
EXPRESSION PATTERN 

ta .an, ^s and each g ave ^^^JL^^ 

4Y While oc/-x kna wa* ucic survival genes 

in T and B lymphoid lines. Transcripts of both survive * 

weI e, howeve,, found m mo* * " " ~> Fou Htoes having reiativel, high 

macrophage. megakaryocyte erymrom and mas, «H ^serum and 

30 levdsofW-wRNAwereanalysedbywesUrnblomngw.hpo.yc.onal an- 
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tA nVD orotein (Figure 4C). These findings establish that the 
Pa " e ' J regulates survival in myeloid rather than lymphoid cells. In 

summary, he bcl w gene P ha emopoietic cell 

lines revealed that ftc/-w expression was common in cells 01 seve 

lX t --~^--- , * ta,, - ,,,, *" B " ^ 



lines. 



10 



EXAMPLE 10 

LOCALISATION OF THE HUMAN AND MOUSE M» GENES 



, • p m w in mice was determined genetically by exploiting an 
The chromosomal location of bcl-w in mice was uct * 

i ne cmuuiu distributed over all the 

r 0 :t: -Led . i— — . <** — -~ r *- 

rI)L gap Junction — channel P-in alpha-3 «H " teas, .34 m.oe — 

B e„e order are: ceutromere - - >«« " *» " '" 82 " ^ 1/147 " ^ 

± 2.0 - Tern - 0.6 i 0.6 - Bcl-w ■ 0.7 ± 0.7 - Gja3. 

i. 14 shares regions of homology with human 

The central region of mouse chromosome 14 shares regions 

,„ human^UaandC^onO. The tig* Wage b— *~ - - *« — 
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• u u mon Hn or 13 Fluorescence in situ hybridisation 

CP.SW^y.s-ga umancDNAft ^ , human chromos ome ,4 a. qli.2 

tatr on between tne codmg exons *«* -g ^ ^ ^ 

(Figured OT«. 20 meaphases scored for fluoresced S ^ ^ ^ 

5 signai on one or both chromatids of chromosome 14 m the reg,o„ q 
signal was at 14qll.2. 
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EXAMPLE 11 

METHOD OF PRODUCING N-TERMINAL FRAGMENT 



" fr:™^— ontothe — mgmemoranePVDFCWard^ 

1990). 1 he tirst *"« acids corresponded 

additional amino acids encoded by the expression vector. The next 

to the N-terminal sequence of Bcl-w. 

20 

EXAMPLE 12 

The nucieotide and corresponding amino acid sequence of human and munne M-w are shown 
in Figure 9. 

W Those stil.eo in the ar, wi» appreciate ma, me invention describe* herein is suscepUbie » 
1 onsandmodifica.onsoU.erU.an^especif.ca.Mescrihed. H is to he undergo d* 

Zmluon inciudes aU such variations and modifications. The invention aiso tnciudes a . of 
the invention inci rt „ nrl , referred to or indicated in this specification, 
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features. 
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TISSUE 



TABLE 3 

EXPRESSION OF bcl-w AND bcl-x (RN A) 



Tissue 



bcl-w 



bcl-x 



brain 



colon 


++ 


++ 


salivary gland 


+ 


+ 


liver 




+/- 




+ 


heart 


+ 


+ 


stomach 


+ 


+/- 


muscle 




++° 




+ 


testis 


+/- 


+ 






kidney 


+/- 


++ 




thymus 






lymph node 


+ 


++ 


placenta 






fetal liver (d!3-18) 







larger size transcript 
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EXPRESSION 



TABLE 4 _ y T-vT-rjc 

PATTERN OF bcl-w AND bcl-x IN CELL LINES 



T lymphoid 
DN 
DP 
SP 



Myeloid 
macrophage 
megakaryocyte 
erythroid 
mast 



CELL TYPE bel-w 



1/4 



2/10 



3/4 
0/7 
1/2 

4/13 



14/19 
2/2 
4/5 
1/1 

21/27 



bcl-x 



B lymphoid , 
pre-B 
B 



0/4 



2/10 



4/4 
6/6 
2/2 

12/12 



16/16 
2/2 
4/4 
1/1 

23/23 



» marginal levels in all but 2 lines indicated 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(0 APPLICANT: ^^^^S^S^SSl^ ™™ " 

Sean P Holmgreen / 

(ii) TITLE OF INVENTION: THERAPEUTIC MOLECULES 

(iii) NUMBER OF SEQUENCES : 9 

(iv) CORRESPONDENCE ADDRESS: 
* (A) ADDRESSEE: DAVES 0LLISONCAVE 

(B) STREET: 1 LITTLE COLLINS STREET 

(C) CITY: MELBOURNE ' 

(D) STATE: VICTORIA 

(E) COUNTRY: AUSTRALIA 

(F) ZIP: 3000 / 

(v) COMPUTER READABLE FORM: 
(A) MEDIUM TYPEJFloppy disk 
(B COMPUTER: XSU PC compatible 

(B) FILING DAAtE: 27-MAR-1997 

(B)FILING£ATE. 27-MAR-1996 

(v\u\ ATTORNEY/AGENT INFORMATION: 
( f aTSS* HUGHES DR, E JOHN L 

(Q RbSeNCETDOCKET NUMBER: EJH/EK 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: +61 3 9254 2777 

(B) TELEFAX: +61 3 9254 2770 
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( 2 ) INFORMATION FOR SEQ ID NO: 1 : 

(i ) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii ) MOLECULE TYPE: DNA 

(xi , SEQUENCE DESCRIPTION : SEQ ID NO.l. 
GCT CT AG AAC TGGGGI (A/C) GI (A/G) TIGTIGCCTT (C/T)TT 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Asn Trp Gly Arg <Ile/Val) Val Ala Phe Phe 
5 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY ; linear 

(ii) MOLECULE TYPE: DNA 

( Xi ) SEQUENCE DESCRIPTION: SEQ ID NO 

GGAATTCCCA GCCICCIT (G/T) I TCTTGGATCC A 



33 



31 
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(2) INFORMATION FOR SEQ ID NO: 4: 

<i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 8 amino acids 



(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO:l: 

rrp He Gin (Asp/Glu) (Asn/Gln) Gly Gly Trp 

5 

(2) INFORMATION FOR SEQ ID NO: 5: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acida 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 583 base pairs 



(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



<ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 1..S83 



(B) TYPE: amino acid 



Met Ala Thr Pro Ala Ser 
5 



Thr Pro Asp Thr Arg Ala Leu 
10 



(B) TYPE: nucleic acid 



(Xi) SEQUENCE DESCRIPTION: SEQ ID 
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„ gcc *cc « gcc tcg gcc e» « » S - Z Zl E £ 

Met Ala Thr Pro Ala Ser Ala Pro Asp 1S 
1 5 

„ »»n rr-v TAT GTC TGT GGA GCT GGC 

ttt gta ggt tat aag ctg agg cag aag ggt tat ftia Gly 

Phe Val Gly Tyr Lye Leu Arg Gin Lys Gly y 3() 

CCC GGG GAG GGC CCA GCA £ «C « « CJC CAA GCC ATG CGG GCA 
Pro Gly Glu Gly Pro Ala Ala Asp r ^ 
35 

»r »rr CGC TTC CGG CGC ACC TTC TCT GAT CTG 
GCT GGA GAT GAG TTC GAG ACC CGC TTC ^ ^ ^ ^ ftsp LeU 

Ala Gly Asp Glu Phe Glu inr gQ 

s s = = = = s s s = s = = = = = 

65 70 

„_„ rrr iRC TGG GGC CGC CTT 

CAG GTC TCC GAC GAA CTT TTT CAA GGG GGC CCC AAC ^ ^ ^ 

Gin Val Ser Asp Glu Leu Phe Gin Gly Gly g5 
85 

GTA GCC TTC TTT CTC TTT GGG GCT GCA CTG TGT GCT GAG AGT GTC AAC 
Val Ala Phe Phe Leu Phe Gly Ala Ala Leu y ^ 
100 

M G GAG ■» « - « ™ « « « ~ S S S E S 

L ys Glu Met Glu Pro Leu Val Gly Gin V ^ 

« CTG 2 » GGG CTG GTC « TGG « «= « - G=G GGC TGG 

Tyr Leu Glu Thr Arg Leu Val Asp Trp 14Q 

CCG Hi TTC ACA GCT CTA TAC GGG GAC GGG GCC CTG GAG «0 «■ « 
A la Glu Phe Thr Ala Leu Tyr Gly Asp Gly Ala L ^ 

Tt CTG CGG GAG GGG AAC TGG GCA TCA GTG AGO ACA CTG CTG ACG « 
Arg Leu Arg Glu Gly Aon Trp Ala Ser Val A g ^ 
165 

«m» /-r<r rrr TTT TTT GCT AGC 
GCC GTG GCA CTG GGG GCC CTG GTA ACT GTA « «« TTT ^ ^ ^ 
Ala Val Ala Leu Gly Ala Leu Val Thr va ^ 
180 185 

AAG TGA A 
Lye * 



48 



96 



144 



? 92 



240 



288 



336 



384 



432 



480 



528 



576 



583 



(2) INFORMATION FOR SEQ ID NO: 7 



'in 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 194 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO:7: 

*=r, Thr Arq Ala Leu Val Ala Asp 
Met Ala Thr Pro Ala Ser Ala Pro Asp Thr Arg ^ 

1 5 



_ r1v xvr val Cye> Gly Ala Gly 

Phe Val Gly Tyr Lys Leu Arg Gin Lye Gly Tyr 30 

20 " 
Pro Cly Glu Gly Pro Ala Ala Asp Pro Leu His Gin Ala Met Arg Ala 

Ala G ly Tp Glu Phe Glu Thr Arg Phe Arg Arg Thr Phe Ser Asp Leu 

Ala Ala Gin Leu Hie Val Thr Pro Gly Ser Ala Gin Gin Arg Phe Thr 
65 70 

, , t>k» Gin GlV Gly Pro Asn Trp Gly Arg Leu 
Gin Val Ser Asp Glu Leu Phe Gin Gly uiy ^ 

85 

v,! »u Ph. ph. ,.u Ph. «• »• «- <*■ »* 01u I" wl 
w , sl „ h., Z « - * S «• « «» 01 " S vai "* 

^ L .„ l Thr „r 9 L.u V.X „ Trp »• J- - «T "» 

Ala Tu Phe Thr Ala Leu Tyr Gly Asp Gly Ala Leu Glu *1» Ala Arg 
145 150 

*. « «. «r — *» «« s « " 9 Thr V>1 ^ IS ^ 

165 1/u 
». v.! »1. L.u «, U. «. V! Thr «1 «, U. «- *J »' S « 



180 185 



Lye 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 582 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY : linear 
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50 



(ii) MOLECULE TYPE: DNA 



(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 1..582 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

„ „„- nrr rrT cTA GTG GCT GAC 

S ill E S £ S - S £ S S S - - - - 

i 5 

>.r rrT TAT GTC TGT GGA GCT GGG 

z s sr r s s s s sr. e E s. - - - - - 

= 5 S S S S S = = = = £ S = = E 
S 5 =S = = = = = = = = = ™ = " P = 

CCC « «. CT» « CTO « « « £ « « ~ « TTC £ 

Ala Ala Gin Leu His Val Thr Pro Gly Ser Ala &q 
65 70 

*n r-*fc CTT TTC CAA GGG GGC CCT AAC TGG GGC CGT CTT 
CAG GTT TCC GAC GAA CTT TTC CAA fa Arg Leu 

Gin Val Ser Asp Glu Leu Phe Gin Gly Gly Pro v ^ 

85 

= S = Z S = 5 S S = S S = = = = 

s s s = = = s i ss s = = i s s = 

« CTG l CCT CTC «. « » «= - « « « «S 

Tyr Leu Glu Thr Arg Leu Ala Asp Trp He His 

CCC Z TTC CCT » « « « « « ™ " " S £ 

ii. MP ph. Tht w j-» *y G1 ? 01 » L * u * 160 

It CTC CCC « « « - « T f CTC « £ -J - » « 

Arg Leu Arg Glu Gly Asn Trp Ala i7g 
165 A ' 

GCC GTG GCA CTG GGG GCC CTG GTA ACT GTA GGG GCC TTT TTT GCT AGC 



48 



96 



144 



240 



288 



336 



384 



432 



480 



528 



576 
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, t val Thr Val Gly Ala Phe Phe Ala Ser 
Ala Val Ala Leu Gly Ala Leu Val Thr 190 
180 



AAG TG 
Lye 

(2) INFORMATION FOR SEQ ID NO : 9 : 

( i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 193 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xl ) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

„. t « w ,~ ~ - » - - - »• - - 1 ~ 
J. « «, ^ « - « - X "* l ^ II 

« «, «. X - - - - ~ »■ oi - " 9 "* 

35 

n Phe Glu Thr Arg Phe Arg Arg Thr Phe Ser Asp Leu 

Ala Gly Asp Glu Phe Glu TW ft g fQ 
SO 55 



„ rlv Ser Ala Gin Gin Arg Phe Thr 
Ala Ala Gin Leu Hie Val Thr Pro Gly Ser KL 

65 70 
OX. Val Ser Asp Glu Leu Phe Gin Gly Oly Pro A,n Trp Gly Arg Leu 

Val Ala Phe Phe V* Phe Gly Ala Ala Leu Cye Ala Glu Ser Val A,n 
100 

,-, p™ Leu Val Gly Gin Val Gin Ab P Trp He Val Ala 
Lye Glu Met Glu Pro Leu vai <-xy ^ 

115 

Tlo Hta ser Ser Gly Gly Trp 
Tyr Leu Glu Thr Arg Leu Ala Asp Trp He Hie Ser 

130 135 



582 



Ala „ P „e Thr ». L- ^ «, «T - - - 

145 150 

n. n« * Val Ser Thr Val Val Thr Gly 
Arg Leu Arg Glu Gly Asn Trp Ala Val ^ 
165 

, , u=l Thr Val Gly Ala Phe Phe Ala Ser 

Ala Val Ala Leu Gly Ala Leu Val Thr Val i, y ^ 

180 185 



Lye 



